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(57) Abstract: The invention relates to a method for recovering at least one polymer in solution in a solvent by means of precipi- 
tation using a non-solvent liquid. According to said method, the precipitation takes place in a precipitation medium containing two 
dispersants, one of said dispersants [dispersant (I)] having a higher affinity for the non-solvent and the other [dispersant (II)] having 
a higher affinity for the solvent. 

(57) Abrege : Procede" de recuperation d'au moins un polymere en solution dans un solvant par precipitation au moyen d'un fluide 
non solvant, selon lequel la precipitation a lieu dans un milieu de precipitation comprenant deux agents dispersants dont un [agent 
dispersant (I)] a une affinite* plus grande pour le non solvant et 1'autre [agent dispersant (II)], une affinite* plus grande pour le solvant. 
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Procede de recuperation d T un polymere en soluti 



La pr6sente invention concerne un procede de recuperation d\m polymdre en 
solution. 

Les polym&res sont abondamment utilises sous des formes diverses, 
principalement & l f 6tat solide. Toutefois, il arrive souvent qu f a un moment donn6 
5 de leur existence, ils soient en solution dans un solvant dont il faut alors les 
extraire. On est par exemple confironte a des solutions de polymere k la fin de 
certains precedes de polymerisation (dits "en solution"), au cours de certains • 
proc6des de recyclage, lors du nettoyage de certaines installations de fabrication 
d'objets ou de peuitures k base de polymdres. . . La recuperation de ces polymdres 

10 en solution se fait g6n6ralement par precipitation avec un non solvant En vue 

d'obtenir un polymdre sous une forme finement divisde et avec une granulomere 
aussi fine et reguliere que possible, il est connu d'effectuer ladite precipitation en 
presence d'un agent dispersant. 

Ainsi, la demande de brevet WO 01/70865 au nom de SOLVAY decrit un 

1 5 procede de recyclage d'une matiere plastique par mise en solution et precipitation 
en presence d'un agent dispersant qui est un agent tensioactif tel que la bentonite, 
Falcool polyvinylique, les ethers de cellulose. . . 

Toutefois, la demanderesse a constate que certains de ces agents avaient une 
influence negative sur le PSA (poids specifique apparent) des particules de 

20 polymdre obtenues et leur conferaient en fait un caractere poreux. En outre, Tefifet 
de certains de ces agents peut Stre fortement r6duit en presence de plastifiant. La 
demanderesse a alors trouve que, de maniere surprenante, le fait de recourir & au 
moins deux agents dispersants ayant un degre d'affinite (c.id. une solubilite et/ou 
une miscibilite) different vis-a-vis du non solvant et du solvant permettait 

25 d'attenuer ces phenomenes et d'obtenir des particules presentant un rapport 

PSA/taille eiev6. Un autre avantage surprenant du recours & un systdme binaire 
d'agents dispersants est qu'il permet de traiter des solutions plus concentres en 
polymere et egalement, de reduire les quantites (debits) de non solvant a ajouter 
pour 6viter ^agglomeration des particules de polymere pr6cipit6. 

30 La presente invention concerne des lors un procede de recuperation d'au 

moins un polymdre en solution dans un solvant par precipitation au moyen d'un 
fluide non solvant, selon lequel la precipitation a lieu dans un milieu de 
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pr&ipitation comprenant deux agents dispersants dont un (agent dispersant (I)) a 
une affinity plus grande pour le non solvant et Tautre (agent dispersant (II)), une 
affinity plus grande pour le solvant 

Le polymSre dont la recuperation est visee par le procede selon la presente 
5 invention peut £tre de toute nature. H peut s'agir d'une r6sine thermoplastique ou 
d f un elastomere, mais en tout cas d'une resine que Ton peut dissoudre dans un 
solvant et qui done, n'est pas ou peu r6ticul6e. II peut s ! agir d'une r6sine non 
usagfe (ou vierge), qui n'a subi aucune mise en forme par fusion except^ une 
6ventuelle granulation, ou d f une r6sine usagee (d£chets de production ou r6sine 

1 0 recycle). II peut s'agir d'un polymSre apolaire, tel qu'une polyoiefine et un 
particulier, un polym^re de methylene (PE) ou du propylene (PP). D peut 
egalement s'agir d'un polym^re polaire tel qu'un polymdre halog6nee et en 
particulier, un polym^re du chlorure de vinyle (PVC), du chlorure de vinyliddne 
(PVDC), du fluorure de vinyliddne (PVDF) . . . ; ou d'EVOH (copolymere 

15 d'ethytene et d'alcool vinylique). U peut egalement s'agir d'un melange d ! au 
moins deux tels polym&res de m§me nature ou de nature diffcrente. De bons 
r6sultats ont €te obtenus avec les polymdres polaires, halog6n6s en particulier et 
tout particulierement, avec le PVC. Par PVC, on entend designer tout homo- ou 
copolymere contenant au moins 50% en poids de chlorure de vinyle. 

20 Le polymdre qui a 6te dissous dans le solvant peut contenir un ou plusieurs 

additife usuels tels que plastifiant(s), stabilisant(s), charge(s), pigments). . . On 
appelle g6neralement « compound » de type de melange a base de polymere(s) et 
d*additif(s). Un avantage du procede selon l'invention est qu'il permet de 
recup6rer ces additifs c.a.d. de les co-precipiter avec le polymdre. Ainsi par 

25 exemple, dans le cas oft le polymdre est le PVC, il peut s'agir de PVC « souple » 
c.a.d. contenant un ou plusieurs plastifiants gen6ralement a raison de 75% ou 
moins, voire 70% ou moins, voire meme 65% ou moins. Les plastifiants du PVC 
sont en general des esters organiques tels que les phtalates, adipates, 
trimellitates..., les phtalates et en particulier, le DOP (di-octyl-phtalate), etant les 

30 plus utilises. Le procede selon Finvention donne de bons resultas dans le cas des 
polymdres (et en particulier, du PVC) plastifies. 

Le solvant (substance capable de dissoudre le polym^re) est de preference 
choisi parmi les liquides ayant un paramdtre de solubilite (dont une definition et 
des valeurs experimentales figurent dans "Properties of Polymers", 

35 D.W. Van Krevelen, Edition de 1990, pp.200-202, ainsi que dans "Polymer 

Handbook", J. Brandrup and E.H. Immergut, Editors, Second Edition, p.IV-337 a 
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IV-359) voisin de celui du polymere a dissoudre et/ou pr6sentant des interactions 
fortes avec celui-ci (liens hydrogdnes par exemple). Le terme « voisin » equivaut 
generalement k « ne s'&artant pas de plus de 6 unites ». II s'agit en g6n6ral d'un 
solvant organique, de preference polaire tel que la MEK (methyl ethyl c6tone), 
5 qui donne de bons r6sultats avec de nombreux polymeres et en particulier, avec 
les polymeres halogenes tels que le PVC. Quant au non solvant^ il est de 
preference choisi comme ayant un parametre de solubility different de celui du 
polymere a dissoudre et ne prSsentant pas d'interactions fortes avec ceux-ci. Le 
terme « different » 6quivaut generalement k s'ecartant de plus de 6 unites. II est 

1 0 entendu que par solvant et non solvant, on entend aussi bien des substances 

simples que des melanges de substances. Les Hquides inorganiques sont des non 
solvants qui conviennent bien, Teau etant generalement le non solvant prefer^ 
(dans le cas des polymeres non hydrosolubles bien evidemment) compte tenu des 
preoccupations environnementales et economiques generalement impliquees 

1 5 dans les proc&tes industriels. En outre, Peau pr6sente 1 'avantage de constituer un 
azeotrope avec certains solvants polaires tels que la MEK ce qui permet de 
faciliter Felimination du solvant par distillation az6otropique. 

Les solutions que Ton peut traiter par le proced6 selon la presente invention 
ont une concentration en polymere telle que leur viscosite ne perturbe pas le bon 

20 d6roulement du proc6d6 (il faut notamment que le non solvant puisse 

progressivement Stre melange e1/ou disperse dans le milieu de precipitation pour 
que les deux puissent interagir et que la precipitation puisse effectivement avoir 
lieu). La presence des agents dispersants dans le milieu de precipitation permet 
generalement de travailler avec des solutions plus concentrees en polymere (ou de 

25 maniere plus generale : en compound). Ainsi, on peut travailler avec des teneurs en 
polymdre (compound) superieures ou egales k 100 g par litre de solvant, voire a 
200 g/1 et parfois meme, a 300 g/1. Toutefois, cette teneur ne depasse generalement 
pas 500 g/1, voire 400 g/1. 

Selon Pinvention, on ajoute k la solution de polymdre, un fluide non 

30 solvant en une quantite suffisante pour provoquer la precipitation complete du 
polymdre sous forme de particules. II n'est pas nuisible que le non solvant injecte 
contienne eventuellement une concentration minoritaire (en poids) de solvant ; 
ceci est interessant dans la mesure oix (comme il sera expose ci-aprds pour les 
precedes de recyclage notamment), une eventuelle etape ulterieuie du procede 

35 peut pr6cis6ment fournir une telle source de non solvant, que Ton peut ainsi 
reutiliser sans epuration particuliere. 
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Dans le precede selon Finvention, la morphologie des particules de 
polymdre obtenues sera dgalement fonction des conditions d'ajout du non solvant : 
vitesse (debit) d'ajout, agitation, pression, temperature... Un moyen permettant de 
r6duire la taille des particules de polymdre est d'ajouter le non solvant de manidre 
5 progressive dans le solvant contenant le polymdre dissous, avec un debit optimise 
et d'appliquer a l'ensemble, un taux de cisaillement egalement optimise en fonction 
de la taille de particules souhaitde. 

Gdndralement, le solvant et le non solvant sont des fluides qui prdsentent une 
miscibilite sur une certaine gamme de concentrations seulement En effet, comme 

1 0 explique prdcedemment, il est preferable que le non solvant puisse interagir avec 
les molecules de solvant et/ou de polymdre pour provoquer la precipitation et 
done, soit au moins ldgdrement compatible (miscible) avec le solvant k foible 
concentration (done, au debut de son ajout dans la solution de polymdre). Par 
aflleurs, solvant et non solvant sont souvent des liquides ayant une structure 

1 5 chimique fort diffdrente (pour Stre respectivement compatible et incompatible avec 
le polymdre) et de ce feit, leur miscibilite est rarement totale. Aussi, gdneralement, 
au cours d'une introduction progressive de non solvant dans la solution de 
polymdre, on assiste d'abord k une separation de phases c Ad. qu'a un moment 
donne, on passe d'un milieu monophasique constitud d'une phase riche en solvant 

20 contenant le polymdre dissous et un peu de non solvant, k un milieu biphasique 
constitu6 d'unei part, d'une phase continue riche en solvant dans laquelle le 
polymdre est dissous et d'autre part, d'une phase dispersde constitute de gouttes 
riches en non solvant. Ensuite, aprds ajout d'une quantity donnde de non solvant 
(d6termin£e par le diagramme de phases entre solvant et non solvant), on assiste 

25 gendralement a une inversion de phases, c.&.d. que la phase continue (majoritaire) 
devient alors la phase riche en non solvant et que la phase dispers6e est alors 
constituee de gouttes de phase riche en solvant contenant le polymdre dissous. 

Avec certains polymdres tels que les polymdres halogdnds et le PVC en 
particulier (et tout particulidrement en utilisant respectivement la MEK et Peau 

30 comme solvant et non solvant), la demanderesse a constate que bien que la 

precipitation du polymdre demarre avant cette inversion de phases, la morphologie 
des particules de polymdre obtenues est en fait essentiellement inddpendante des 
dtapes anterieurs k cette inversion et est par contre principalement ddpendante des 
conditions operatoires pendant et aprds i'inversion de phases. 

35 Un dvdnement important dans le proc6d6 selon Pinvention est done 

I'inversion de phases. Selon une variante prdferee de la pidsente invention, la 
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composition k I'inversion de phases est approchee par ajout de non solvant sous 
fonne liquide. En effet, l'injection de vapeur n*a en fait une influence positive sur 
la morphologie des particules de polymdres que pendant ou apres I'inversion de 
phases et il est done inutile que le non solvant soit sous fonne de vapeur avant ce 
5 stade. Selon cette variante, le non solvant est initiaJement intxoduit dans le milieu 
de precipitation sous fonne liquide uniquement et ce en une quantite (Q') non 
nulle mais inf6rieure k la quantite (Q) requise pour provoquer 1* inversion de 
phases, et il est par la suite introduit dans le milieu de precipitation au moins 
partiellement sous forme de vapeur. La quantite (Q), qui depend de la nature du 

10 solvant et du non solvant, de la temperature, de la pression et dans certains cas, de 
la quantit6 de polym&re dissous, se determine aisement de mani^re exp6rimentale. 
II suffit d'introduire progressivement du non solvant sous forme liquide dans la 
solution jusqu'a observation de Tinversion de phases (ais&nent identifiable pour 
l'homme du metier) et de mesurer la quantite de non solvant ajoutee k ce moment 

15 \k, qui est la quantite Q. De bons r6sultats ont ete obtenus avec une quantity Q' 

superieure ou egale a 50% (en volume) de la quantite Q, voire superieure ou egale 
a 70%, voire meme k 90%. A noter que par « milieu de precipitation », on entend 
designer le milieu dans lequel le polymSre pr6cipite et qui contient au depart 
uniquement le polymere et le solvant, et par la suite, au fiir et a mesure de leur 

20 introduction, les agents dispersants, le non solvant, les additift. . . 

Selon Pinvention, la precipitation doit avoir lieu en presence de deux 
agents dispersants differents et de manidre pref6r6e, le moment d'introduction des 
ces agents dispersants est optimist en fonction du d6roulement de la precipitation. 
Par « agent dispersant », on entend designer une substance qui fevorise la 

25 dispersion d'une phase discrete (qui peut Stre form6e soit de gouttelettes de 

liquide, soit de particules solides) dans une autre phase, continue. Cette substance 
agit gen&ralement a Pinterface entre les deux phases et elle previent 
1' agglomeration de la phase discrete (cad. qu'elle fevorise Pobtention d'une 
dispersion fine et reguliere). 

30 Ainsi, dans une variante avantageuse du precede selon Pinvention, Pagent 

de dispersion ayant Paffinite la plus elevee vis-&-vis du non solvant (I) est 
principalement ajoute au milieu de precipitation avant Tinversion de phases de 
maniere a etre present durant cette dernidre. Par « principalement », on entend en 
une fraction ponderale majoritaire (par rapport a la quantite totale de Pagent 

35 dispersant (T) ajoutee durant le proc6d6), cAd. superieure k 50%, mais qui peut 

Stre superieure ou egale a 70%, voire k 90% en poids. De maniere particulierement 
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pr6ftr6e 3 la totality de Tagent dispersant (I) sera ajoutSe au milieu de precipitation 
avant Tinversion de phases. 

De meme, selon une autre variante avantageuse du proc6d6 selon 
Tinvention, Tagent dispersant ayant Taffinite la plus 61ev£e vis-A-vis du solvant est 
5 principalement ajoute au milieu de precipitation aprfcs Tinversion de phases, le 
terme « principalement » 6tant d^fini comme pr6c6demment. La demanderesse a 
en effet constate que le feit qu'il soit present en des quantites trop importantes 
avant et lors de Tinversion de phases augmentait la porosite (et done, degradait le 
PSA) des particules de polymdre. 

10 Le feit d'optimiser la nature et le moment d' introduction des agents 

dispersants permet d'optimiser la morphologie des particules et done d'obtenir une 
poudre compacte de petites particules 

De bons r6sultats ont 6te obtenus en ajoutant la totalite de Tagent dispersant 
(I) et une fraction ponderale minoritaire (par exemple superieure ou 6gale k 10%, 

15 voire a 15% ou mieux, k 20%, mais inferieure k 50%, voire k 40% ou mieux, k 

30%) de Tagent dispersant (II) api£s dissolution du polymdre et avant ajout du non 
solvant, et le reste de Tagent dispersant (IT) apres inversion de phases. 

L'agent dispersant (I) d6crit ci-dessus est gen£ralement utilise en une 
quantite au moins 6gale a celle de Tagent dispersant (II), voire sup6rieure k celle-ci 

20 d'un fecteur sup6rieur ou 6gal k 2, voire k 3. La teneur en agent dispersant (I) est 
generalement superieure ou egale k 0.01 % en poids par rapport au poids de 
polymere, de preference superieure ou 6gale k 0.05%, ou mieux, superieure ou 
6gale a 0. 1%. La teneur en agent dispersant (I) est gen6ralement inferieure ou 
6gale a 5%, voire 2%, ou mieux, 1%. 

25 Les agents dispersants utilises dans le proc6d6 selon Tinvention peuvent etre 

de nature quelconque. Toutefois, en particulier lorsque le non solvant est Teau, les 
agents dispersants sont avantageusement choisis parmi les ethers de cellulose et les 
alcools polyvinyliques. Dans le cadre de cette variante de Tinvention, on entend 
designer par « eau », un milieu aqueux ayant une teneiu" ponderale majoritaire 

30 (done contenant plus de 50% en poids, voire plus de 60% et de preference, plus 
de 70% en poids) en eau. D s'agit avantageusement d'eau pure ou d'eau 
contenant une quantite minoritaire (en poids) de solvant. Parmi les ethers de 
cellulose, les m6thyl-celluloses substitu6es et en particulier, celles substituees par 
des groupements hydroxypropyl, donnent de bons resultats. Toutefois, de 

35 meilleurs r6sultats sont g£n6ralement obtenus avec les alcools polyvinyliques 
(POVAL). Dans ce cas, les agents dispersants (I) et (II) pr6sentent des taux 
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d'hydrolyse (TH, mesurS en hydrolysant les groupes acetates par une base (NaOH) 
et en effectuant un dosage de la base qui n'a pas reagi au moyen d'un acide (HQ)) 
diff&rents, Tagent dispersant (I) ayant un TH sup6rieur a celui de r agent dispersant 
(II). De bons r6sultats ont 6t6 obtenus lorsque Tagent dispersant (T) pr6sente un TH 
5 sup6rieur ou 6gal a 65%, voire k 67% ou mSme, k 70%, mais inferieur ou 6g?U k 
90%, voire a 85%, ou mieux a 80%. De bons resultats ont egalement ete obtenus 
lorsque 1' agent dispersant (II) prSsente un TH inferieur ou egal k 60%, voire k 
55%. Des resultats particuli&ement avantageux sont obtenus lorsqu'& la fois les 
agents dispersants (I) et (ET) pr6sentent des TH contenus dans les fourchettes 
10 pr6cit6es. 

Un autre paramdtre important lors du choix des agents dispersants en 
general, et des POVAL en particulier, est leur viscosite en solution aqueuse. Ainsi, 
la viscosity d'une solution k 4% d'agent dispersant a 20°C (exprim^e en mPa.s) 
est : 

1 5 - pour Pagent dispersant I, avantageusement de 1 k 300, voire de 1 .5 £ 250, ou 
mieux : de 2 a 200 

- pour Tagent dispersant II, avantageusement de 1 a 20000, voire de 1.5 k 10000, 
ou mieux : de 2 a 5000. 

G6neralement, lorsque la precipitation est termin6e, on est en presence d'une 

20 suspension de particules de polymdre dans un milieu riche en non solvant. La 
proportion pond6rale de particules solides dans cette suspension peut 6tre 
sup&rieure ou Sgale a 10%, voire k 20% et meme, a 30% sans qu'il n'y ait 
agglomeration desdites particules, la presence des agents dispersants 6tant 
benefique de ce point de vue. Toutefois, cette proportion ne depasse 

25 avantageusement pas 80%, voire 65%, ou mieux : 50%. 

Les particules de polymdre contenues dans la suspension sont recueillies par 
tout moyen adequat : thermique (evaporation du solvant, eventuellement par 
distillation az6otropique : voir ci-dessus), m£canique (filtration, centrifugation...) 
ou mixte (atomisation par exemple). Dans le cas des polym&res sensibles a la 

30 temperature (tel que le PVDC par exemple), on pr6f£rera les m6thodes 

mecaniques. Les particules recueillies peuvent alors etre rinc£es, s6chees, traitees 
par tout moyen connu avant stockage, commercialisation et/ou mise en oeuvre. 

La solution de polymere k laquelle s 'applique lapr£sente invention peut Stre 
obtenue par tout moyen approprte. Toutefois, la dissolution du polymere dans le 

35 solvant s'effectue g6n6ralement sous une pression au moins 6gale k la pression 

atmosph6rique, voire au moins 6gale a 1.5 bars. Avantageusement, cette pression 
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n'excdde pas 10 bars, de preference 5 bars. 

La temperature de dissolution est g6n6ralement d'au moins 75°C, voire 
100°C ; elle n'excdde g6n6ralement pas 125°C, voire 110°C. 

Lors de cette dissolution, il peut s'av6rer avantageux de travailler sous 
S atmosphere inerte, par exemple sous azote, pour 6viter tout risque d'explosion et de 
degradation du solvant et/ou du non solvant. 

Aprgs ou durant la dissolution du polym&e, mais avant la precipitation, on 
peut ajouter a la solution, un ou plusieurs additifc. Par "additif 1 selon cette variante 
de Pinvention, oh entend designer tout compost organique ou inorganique non 
1 0 present dans les mati&res plastiques d'origine, ou present dans une quantite 

inf6rieure k celle desir6e. A titre d'additife inorganiques, on peut titer les pigments 
inorganiques, le noir de carbone, les poudres m6talliques, les nanpparticules de 
natures diverses ... A titre d'additifs organiques, on peut citer les pigments 
organiques, les stabilisants, les oligom^res, plastifiants 
15 Le procede selon la pr6sente invention peut 6tre int6gr6 k tout procede 

impliquant la recuperation d f un polymere k partir d f une solution. En particulier, il 
peut faire partie d f un procede de recyclage d' articles a base de polymere(s). 
Ainsi, la presente invention concerne egalement un procede de recyclage d'au 
moins un article a base d'au moins un polymere, selon lequel 
20 a) si necessaire, on d6chiquette Particle en des fragments d'une dimension 
moyenne de 1 cm a 50 cm 

b) on met Farticle ou les fragments d'article en contact avec un solvant capable 
de dissoudre le polymere 

c) on recupere le polymere en solution en utilisant le proc6de decrit ci-dessus. 
25 Les articles dont il est question peuvent §tre des solides de toute forme 

(feuille, plaque, tube. . .), mono- ou multicouche ; ils peuvent inclure plusieurs 
polymeres (dont alors generalement un seul sera dissous seiectivement, bien que 
rarticle puisse 6galement servir k la fabrication d'un alliage) et 6galement, des 
matieres non polymeriques (renforts, fixations...) qui seront alors eliminees avant 

30 traitement de la solution par le procede d6crit ci avant. 

A noter que dans le cas des articles a base de plusieurs polym£res, il peut 
s'averer interessant d'61iminer F autre (ou un des autres) polymere(s) avant mise en 
solution du polymere que Ton d6sire r6cuperer. Ainsi par exemple, si le solvant 
choisi est susceptible de dissoudre plusieurs des polymeres de Particle, il peut 

35 s'av6rer iht6ressant de d'abord eiiminer le polymere gSnant, par exemple au 

moyen d'un autre solvant, qui ne dissout pas le polymere k r6cup6rer. A noter que 
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lorsqu'un des polym&res est semi cristallia, sa solubilite peut €tre diminu6e par 
recuit (c.£Ld. un sejour k une temperature et pendant une dur^e adaptee pour 
obtenir une cristallisation maximale). Un exemple de tels polymeres sont le PVC 
(polymdre amorphe) et le PVDC (polymdre semi cristallin). Ainsi par exemple, un 
5 traitement de recuit (durant lh a 70°C ou 2 jours k 40°C par exemple) sur un 

complexe PVC/PVDC permet de rendre ce dernier insoluble dans la MEK a 50°C 
et done, de dissoudre s61ectivement le PVC dans la MEK k 50°C (voire m&ne a 
75°C) et d'appliquer le proc6d6 tel que d€crit ci-dessus a la solution obtenue, A 
noter egalement que la composition du solvant peut etre adaptSe pour dissoudre 

10 s61ectivement certains polymeres d'une structure. 

Dans le proc6de de recyclage d6crit ci-dessus, les conditions de 
solubilisation (pression, temperature, agitation. . .) du polymere et de separation 
6ventuelle des elements non polym6riques ou k base d'un polym&re ggnant avant 
precipitation (par filtration, mise en solution pr6alable. . .), seront optimisees par 

1 5 tout moyen connu de Fhomme du metier. Un enseignement utile a cet effet figure 
dans les demandes EP 945481, WO 01/23463 et WO 01/70865 au nom de 
SOLVAY, et est incorpore par reference dans la presente demande. 

Un avantage important d'un tel proc6d6 de recyclage est qu'il peut 
fonctionner en boucle fermee (soit en continu, soit par batch, mais avec 

20 recirculation quasi-totale de la phase liquide, k l'exception des pertes notamment 
par adsorption sur les particules de polymere obtenues), sans g6n6rer de rejets. 
En effet, le milieu liquide obtenu apres precipitation et separation des particules 
de polymere et qui est principalement constitue de non solvant (contenant 
gen^ralement les agents dispersants) peut etre recycle 6ventuellement moyennant 

25 un traitement adfequat. Ce traitement peut consister en une ou plusieurs 

distillations, floculations (pour eliminer et/ou recuperer les agents dispersants, 
decantations, lavages... et en des combinaisons de ces traitements. De mSme, 
lorsque le solvant a 6t6 61imin6 du milieu de precipitation par distillation 
azeotropique avec le non solvant, les vapeurs resultant de cette distillation 

30 peuvent §tre condens6es et constituer une phase liquide qui peut Stre trait6e 
comme decrit ci avant. De preference, ce traitement inclut au moins une 
d6cantation et dans ce cas, il est avantageux que ladite decantation se deroule au 
moins partiellement en presence d'un agent de separation de phases. Ainsi, dans 
le cas ou plusieurs decantations ont lieu (en paralieie ou en serie), il est 

35 avantageux qu'au moins Tune d'entre elles ait lieu en presence d'un agent 
dispersant 
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Un tel proc6d6 de recyclage a 6t6 appliqu6 avec succds k des articles 
comprenant du PVC. 

Exemples de r£f£rence Rl, R2 et R3 (non conformes k l'invention) et 
exemples 4 k 9 (conformes k l'invention) 

5 On a pr6par6 (en 1 heure, k 75 °C, sous pression atmosph£rique et avec un 

agitateur h61icoidal tournant a 250 tours/min) une solution a 1 1% en poids de 
PVC plastifie avec du DOP (PVC de Kw 71 avec 25% en poids de DOP) dans de 
laMEK. 

On a pr61eve plusieurs fractions de cette solution qui ont 6te soumises a 
10 precipitation dans les conditions suivantes : 

- 3500 gde solution ont 6t6 chauffi&s £ 7 5°C 

- 1 'agitation a alors 6t6 enclenchee et portee k 1000 tours/minutes et 2,6 kg de 
vapeur ont ete introduits pendant 40 minutes de manfere a evaporer le solvant 
et provoquer la pr6cipitation du compound de PVC 

15 - le solvant a 6t6 r6cup6r6 par condensation pour r6utilisation 

- le compound de PVC en suspension dans de Feau a 6t6 filtr6 sur un filtre 
metallique de 125 Jim et a ensuite 6te sech6 en etuve sous vide (0.2 bara) a 
80°C pendant 5 hemes. 

- la poudre de compound de PVC precipite a alors et6 tamis6e sur un tamis de 
20 1 mm. 

Les agents dispersants testes sont le POVAL® L9 (agent dispersant I ; 
alcool polyvinylique de TH = 71%) et le POVAL® LM10HD (agent dispersant 
II ; alcool polyvinylique de TH = 40%). Ceux-ci ont et6 utilis6s de diverses 
maniSres (concentration et moment d'introduction) d&aillees dans le tableau ci- 
25 dessous. 

Le r6sultat de ces essais figure egalement dans ce tableau qui reprend la 
concentration finale en PVC de la suspension (en % poids par rapport au poids 
total de la suspension), la nature, quantite et le mode d' introduction des agents 
dispersants, le PSA (en g/cm 3 ) et le diamdtre moyen (en jim) des particules 
30 obtenues, ainsi que le rapport de ces 2 param&res, qui constitue un indice de la 
quality des particules de polymere obtenues. 
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REVENDICATIONS 



1 - Procede de recuperation d'au moins un polymdre en solution dans un 
solvant par precipitation au moyen d'un fluide non solvant, caracterise en ce que la 
precipitation a lieu dans un milieu de precipitation comprenant deux agents 

5 dispersants dont un (agent dispersant (I)) a une affinite plus grande pour le non 
solvant et Fautre (agent dispersant (II)), une affinite plus grande pour le solvant. 

2 - Procede selon la revendication 1, caract6ris6 en ce que le polymdie est le 

PVC. 

3 - Procede selon Tune quelconques des revendications precedentes, selon 
10 lequel : 

- le non solvant est introduit progressivement dans le milieu de precipitation et au 
cours de cette introduction, on assiste d'abord a une separation de phases (en 
une phase continue riche en solvant dans laquelle le polymere est dissous et en 
une phase dispersee constituee de gouttes riches en non solvant) ; et ensuite, a 

1 5 une inversion de phases (la phase continue devenant alors la phase riche en non 
solvant et la phase dispersee, celle riche en solvant contenant le polymere 
dissous) 

- le non solvant est initialement introduit dans le milieu de precipitation sous 
forme liquide uniquement et ce en une quantite (Q') non nulle mais inferieure a 

20 la quantite (Q) requise pour provoquer F inversion de phases, et il est par la suite 
introduit dans le milieu de precipitation au moins partiellement sous forme de 
vapeur. 

4 - Procede selon Tune quelconques des revendications prec6dentes, 
caracterise en ce que Fagent dispersant (I) est principalement ajoute au milieu de 

25 precipitation avant Finversion de phases. 

5 - Proc6de selon la revendication pr6c6dente, caracterise en ce que Fagent 
dispersant (II) est principalement ajoute au milieu de precipitation aprds 
Finversion de phases. 

6 - Proc6de selon la revendication precedente, caracterise en ce que la 

30 totalite de Fagent dispersant (I) et une fraction ponderale minoritaire (inferieure a 
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50%) de Fagent dispersant (II) sont introduits daos le milieu de pr6cipitation avant 
ajout du non solvant, etence que le reste de Fagent dispersant (II) est introduit 
dans le milieu de precipitation aprds inversion de phases. 

7 - Procedfi selon Tune quelconque des revendications pr6c6dentes 3 

5 caract&rise en ce que le non solvant est Feau et en ce que les agents dispersants 
sont choisis parmi les 6thers de cellulose et les alcools polyvinyliques. 

8 - Precede selon la revendication pr§c6dente, caract6ris6 en ce que les 
agents dispersants sont des alcools polyvinyliques a taux d'hydrolyse difffcrents, 
Fagent dispersant (I) ayant un taux d'hydrolyse (TH) superieur h celui de Fagent 

10 dispersant (II). 

9 - ProcSde selon la revendication precedente, caract&ise en ce que Fagent 
dispersant (I) aun TH de 65 k 90% et en ce que le Fagent dispersant (II) a un TH 
inffcrieur ou 6gal a 60%. 

10 - Procede de recyclage d'au moins un article a base d'au moins un 
1 5 polymere, selon lequel 

a) si n6cessaire, on dSchiquette Farticle en des fragments d'une dimension 
moyenne de 1 cm k 50 cm 

b) on met Farticle ou les fragments d'article en contact avec un solvant capable 
de dissoudre le polymdre 

20 c) on rScupSre le polym&re en solution en utilisant un procedS selon Fune 
quelconque des revendications precedentes. 
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Process for recovering a polymer in solution 



The present invention relates to a process for recovering a polymer in 
solution. 

Polymers are widely used in a variety of forms, primarily in the solid state. 
Frequently, however, at a given moment in their existence they are in solution in 
5 a solvent, from which they must then be extracted. Polymer solutions are 
encountered, for example, at the end of certain ("solution") polymerization 
processes, in the course of certain recycling processes, during the cleaning of 
certain plants for manufacturing polymer-based articles or paints, etc. These 
polymers in solution are generally recovered by precipitation with a non-solvent. 
10 In order to obtain a polymer in a finely divided form and with a particle size 
which is as fine and regular as possible it is known to perform the said 
precipitation in the presence of a dispersant 

Thus patent application WO 01/70865 in the name of Solvay describes a 
process for recycling a plastic by dissolution and precipitation in the presence of 
15 a dispersant which is a surfactant such as bentonite, polyvinyl alcohol, cellulose 
ethers, etc. 

The applicant has nevertheless found that some of these dispersants had an 
adverse effect on the ASG (apparent specific gravity) of the polymer particles 
obtained and in fact endowed them with a porous character. Moreover, the effect 

20 of some of these dispersants may be greatly reduced in the presence of 

plasticizer. The applicant then found that, surprisingly, by employing at least 
two dispersants differing in their degree of affinity (i.e. solubility and/or 
miscibility) with respect to the non-solvent and to the solvent made it possible to 
lessen these phenomena and to obtain particles exhibiting a high ASG/size ratio. 

25 Another surprising advantage of employing a binary dispersant system is that it 
allows solutions with a relatively high polymer concentration to be treated and 
also makes it possible to reduce the quantities (rates) of non-solvent that have to 
be added in order to prevent the particles of precipitated polymer from 
agglomerating. 

30 The present invention accordingly provides a process for recovering at 

least one polymer in solution in a solvent by precipitation by means of a 
non-solvent fluid, whereby the precipitation takes place in a precipitation 
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medium comprising two dispersants of which one (dispersant (I)) has a greater 
affinity for the non-solvent and the other (dispersant (II)) has a greater affinity 
for the solvent. 

The polymer whose recovery is targeted by the process according to the 
5 present invention may be of any kind. It may be a thermoplastic resin or an 

elastomer, but in any case is a resin that can be dissolved in a solvent and which 
therefore contains little or no crosslinking. It may be an unused (or virgin) resin, 
which has not undergone any melt-forming except for possible granulation, or a 
used resin (production waste or recycled resin). It may be an apolar polymer, 

10 such as a polyolefin and, in particular, an ethylene polymer (PE) or a propylene 
polymer (PP). It may also be a polar polymer such as a halogenated polymer 
and, in particular, a vinyl chloride polymer (PVC), a vinylidene chloride 
polymer (PVDC) or a vinylidene fluoride polymer (PVDF), etc.; or an EVOH 
polymer (a copolymer of ethylene and vinyl alcohol). It may also be a mixture 

15 of at least two such polymers of the same kind or of different kind. Good results 
have been obtained with polar polymers, particularly halogenated polar 
polymers, and very particularly with PVC. By PVC is meant any homopolymer 
or copolymer containing at least 50 % by weight of vinyl chloride. 

The polymer dissolved in the solvent may include one or more customary 

20 additives such as plasticizer(s), stabilizer(s), filler(s), pigment(s), etc. The term 
"compound" is generally used for this type of mixture based on polymer(s) and 
additive(s). One advantage of the process according to the invention is that it 
allows these additives to be recovered, i.e. to be coprecipitated with the polymer. 
Thus, for example, where the polymer is PVC, it may be plasticized PVC 

25 containing one or more plasticizers generally at a level of 75 % or less, or even 
70 % or less, or even 65 % or less. PVC plasticizers are generally organic esters 
such as phthalates, adipates, trimellitates, etc., with the greatest use being made 
of phthalates and, in particular, DOP (dioctyl phthalate). The process according 
to the invention gives good results in the case of plasticized polymers (and 

30 plasticized PVC in particular). 

The solvent (substance able to dissolve the polymer) is preferably selected 
from liquids having a solubility parameter (of which a definition and 
experimental values appear in "Properties of Polymers", D.W. Van Krevelen, 
1990 edition, pp. 200-202, and in "Polymer Handbook", J. Brandrup and 

35 E.H. Immergut, editors, second edition, p. IV-337 to IV-359 close to that of the 
polymer to be dissolved and/or having strong interactions with said polymer 
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(hydrogen bonding for instance). The term "close to" generally means "not 
differing by more than 6 units". The solvent is generally an organic solvent, 
preferably a polar solvent such as MEK (methyl ethyl ketone), which gives good 
results with a large number of polymers and, in particular, with halogenated 
5 polymers such as PVC. The non-solvent for its part is preferably selected so as 
to have a solubility parameter which is different from that of the polymer to be 
dissolved and having no strong interactions with said polymer. The term 
"different" generally means "differing by more than 6 units". It will be 
appreciated that the terms solvent and non-solvent refer not only to simple 

10 substances but also to mixtures of substances. Inorganic liquids are highly 

suitable non-solvents, with water being generally the preferred non-solvent (in 
the case of polymers which are not water-soluble, obviously) in view of the 
environmental and economic concerns generally involved in industrial processes. 
Moreover, water has the advantage of forming an azeotrope with certain polar 

15 solvents such as MEK, which makes it easier to remove the solvent by azeotropic 
distillation. 

The solutions that can be treated by the process according to the present 
invention have a polymer concentration such that their viscosity does not 
interfere with the proper progress of the process (in particular it is necessary for 

20 the non-solvent to be able to be gradually mixed and/or dispersed in the 

precipitation medium in order for the two to be able to interact and for the 
precipitation to be able to take place effectively). The presence of dispersants in 
the precipitation medium makes it possible generally to work with more 
concentrated polymer solutions (or, more generally, with a higher concentration 

25 of compound). Thus it is possible to work with polymer (compound) contents 

greater than or equal to 100 g per litre of solvent, possibly 200 g/1 and sometimes 
even 300 g/1. However, this content generally does not exceed 500 g/1, or even 
400 g/1. 

According to the invention a non-solvent fluid is added to the polymer 
30 solution, in a quantity sufficient to bring about complete precipitation of the 
polymer in particle form. It is not detrimental for the non-solvent injected 
possibly to contain a minority fraction (in weight) of solvent; this is of interest in 
so far as (as will be set out below for the recycling processes in particular) a 
possible downstream step of the process may specifically provide such a source 
35 of non-solvent, which can therefore be reused without specific purification. 

In the process according to the invention, the morphology of the polymer 
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particles obtained will also be a function of the conditions attached to the 
addition of the non-solvent : (flow) rate of addition, stirring, pressure, 
temperature, etc. One way of reducing the size of the polymer particles is to add 
the non-solvent gradually to the solvent containing the dissolved polymer, with 
5 an optimized rate, and to subject the mixture to a shear rate which is likewise 
optimized as a function of the desired particle size. 

Generally speaking, the solvent and the non-solvent are fluids which 
exhibit miscibility over a certain concentration range only. Indeed, as explained 
above, it is preferable for the non-solvent to be able to interact with the 

10 molecules of solvent and/or of polymer in order to bring about the precipitation 
and therefore for it to be at least slightly compatible (miscible) with the solvent 
at low concentration (hence at the start of its addition to the polymer solution). 
Moreover, solvent and non-solvent are often liquids having a very different 
chemical structure (so as to be compatible and incompatible, respectively, with 

15 the polymer) and, consequently, their miscibility is rarely total. Also, in general, 
in the course of gradual introduction of non-solvent to the polymer solution, 
there occurs first of all a phase separation - that is, at a given moment, there is 
transition from a single-phase medium consisting of a solvent-rich phase 
containing the dissolved polymer and a small amount of non-solvent to a two- 

20 phase medium consisting on the one hand of a solvent-rich continuous phase in 
which the polymer is dissolved and on the other hand of a disperse phase 
consisting of droplets rich in non-solvent. Subsequently, following the addition 
of a given quantity of non-solvent (determined by the phase diagram between 
solvent and non-solvent), there is generally a phase inversion - that is, the 

25 continuous (majority) phase then becomes the phase rich in non-solvent, and the 
disperse phase then consists of droplets of solvent-rich phase containing the 
dissolved polymer. 

With certain polymers such as halogenated polymers and PVC in particular 
(and more particularly using, respectively, MEK and water as solvent and 

30 non-solvent) the applicant has found that, although the precipitation of the 
polymer begins with this phase inversion, the morphology of the polymer 
particles obtained is in fact essentially independent of the steps prior to this 
inversion and is in contrast primarily dependent on the operating conditions 
during and after the phase inversion. 

35 An important event in the process according to the invention is therefore 

the phase inversion. According to one preferred version of the present invention 
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the composition at phase inversion is approached by addition of non-solvent in 
liquid form. This is because the injection of vapour only in fact has a positive 
effect on the morphology of the polymer particles during or after the phase 
inversion, and it is therefore not useful for the non-solvent to be in vapour form 
5 before that stage. According to this version the non-solvent is initially 
introduced into the precipitation medium in liquid form only and in a 
quantity (Q') which is not zero but is less than the quantity (Q) required to bring 
about the phase inversion, and is subsequently introduced into the precipitation 
medium at least partly in vapour form. The quantity (Q), which depends on the 

10 nature of the solvent and non- solvent, on the temperature, on the pressure and, in 
certain cases, on the quantity of dissolved polymer is easily determined 
experimentally. All that need be done is to gradually introduce the non-solvent 
in liquid form into the solution until phase inversion is observed (which is 
readily identifiable for the person skilled in the art) and to measure the quantity 

15 of non-solvent added at this point, which is the quantity Q. Good results have 

been obtained with a quantity Q' of greater than or equal to 50 % (by volume) of 
the quantity Q, or greater than or equal to 70 %, or even to 90 %. It should be 
noted that the term "precipitation medium" refers to the medium in which the 
polymer precipitates and which to start with contains solely the polymer and the 

20 solvent and, subsequently, as they are introduced, the dispersants, the 
non-solvent, the additives, etc. 

According to the invention precipitation must take place in the presence of 
two different dispersants and, preferably, the time of introduction of these 
dispersants is optimized as a function of the progress of the precipitation. A 

25 dispersant is a substance which promotes the dispersion of a discrete phase 

(which may be formed either of liquid droplets or of solid particles) in another 
phase, the continuous phase. The said substance generally acts at the interface 
between the two phases and it prevents the agglomeration of the discrete phase 
(in other words, it promotes the production of a fine and regular dispersion). 

30 Thus in one advantageous version of the process according to the invention 

the dispersant having the higher affinity for the non-solvent (I) is primarily added 
to the precipitation medium before the phase inversion, so as to be present during 
the said inversion. By "primarily" is meant in a majority weight fraction 
(relative to the total quantity of the dispersant (I) added during the process), i.e. 

35 greater than 50 %, but which may be greater than or equal to 70 % or even 90 % 
by weight. With particular preference the entirety of the dispersant (I) will be 
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added to the precipitation medium before the phase inversion. 

Similarly, according to another advantageous version of the process 
according to the invention, the dispersant having the higher affinity for the 
solvent is primarily added to the precipitation medium after the phase inversion, 
5 the term "primarily'' being defined as before. This because the applicant has 
found that the fact that it is present in excessive quantities before and during the 
phase inversion increased the porosity (and hence impaired the ASG) of the 
polymer particles. 

Optimizing the nature and the time of introduction of the dispersants 
10 makes it possible to optimize the morphology of the particles and hence to obtain 
a compact powder of small particles. 

Good results have been obtained by adding the entirety of the dispersant (I) 
and a minority weight fraction (for example greater than or equal to 10 % or 
even 15 % or better still 20 %, but less than 50 % or even 40 % or better still 
15 30 %) of the dispersant (II) after the polymer has dissolved and before the 
non-solvent is added, and the remainder of the dispersant (II) after phase 
inversion. 

The dispersant (I) described above is generally used in a quantity which is 
at least equal to that of the dispersant (II) or even greater than the quantity of the 

20 dispersant (II) by a factor greater than or equal to 2 or even 3. The amount of 
dispersant (I) is generally greater than or equal to 0.01 % by weight relative to 
the weight of polymer, preferably greater than or equal to 0.05 % or better still 
greater than or equal to 0.1 %. The amount of dispersant (I) is generally less 
than or equal to 5 % or even 2 % or better still 1 %. 

25 The dispersants used in the process according to the invention may be of 

any kind whatsoever. However, especially when the non-solvent is water, the 
dispersants are advantageously selected from cellulose ethers and polyvinyl 
alcohols. In the frame of the present invention, "water" in fact designates an 
aqueous medium having a majority weight fraction of water (hence, containing 

30 more than 50 %, even more than 60 % and preferably, more than 70 % in weight 
of water). It is preferably pure water or water containing a minority weight 
fraction of solvent. Among cellulose ethers, substituted methylcelluloses and, in 
particular, those substituted by hydroxypropyl groups give good results. 
However, better results are generally obtained with polyvinyl alcohols 

35 (POVAL). In this case the dispersants (I) and (II) have degrees of hydrolysis 
(DH, measured by hydrolysing the acetate groups with a base (NaOH) and by 
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titrating the unreacted base with an acid (HC1) which are different, the 
dispersant (I) having a DH greater than that of the dispersant (II). Good results 
have been obtained when the dispersant (I) has a DH greater than or equal to 
65 %, or 67 % or even 70 %, but less than or equal to 90 % or even 85 % or 
5 better still 80 %. Good results have likewise been obtained when the 

dispersant (II) has a DH less than or equal to 60 % or even 55 %. Particularly 
advantageous results are obtained when the dispersants (I) and (II) both have 
DHs contained within the aforementioned ranges. 

Another important parameter when selecting dispersants in general and 
10 POVAL in particular is their viscosity in aqueous solution. Accordingly the 
viscosity of a 4 % solution of dispersant at 20°C (expressed in mPa.s) is : 

- for dispersant (I), advantageously from 1 to 300, or even from 1.5 to 250, or 
better still from 2 to 200; 

— for dispersant (II), advantageously from 1 to 20 000, or even from 1.5 to 
15 10 000, or better still from 2 to 5000. 

Generally, when precipitation is at an end, the product present comprises a 
suspension of polymer particles in a medium which is rich in non-solvent. The 
weight proportion of solid particles in this suspension may be greater than or 
equal to 10 % or even 20 % or even 30 % without any agglomeration of the said 
20 particles, the presence of dispersants being beneficial from this viewpoint. 

However, this proportion does not exceed advantageously 80 % or even 65 % or 
better still 50 %. 

The polymer particles present in the suspension are collected by any 
appropriate means : thermal (evaporation of the solvent, optionally by azeotropic 

25 distillation : see above), mechanical (filtration, centrifugation, etc.) or a hybrid 
form (atomization, for example). In the case of temperature-sensitive polymers 
(such as PVDC, for example) preference will be given to mechanical methods. 
The particles collected may then be washed, dried and treated by any known 
means prior to storage, sale and/or use. 

30 The polymer solution to which the present invention is applied may be 

obtained by any suitable means. However, the dissolving of the polymer in the 
solvent takes place generally under a pressure at least equal to atmospheric 
pressure or even at least equal to 1.5 bars. Advantageously this pressure does not 
exceed 10 bars, preferably 5 bars. 

35 The dissolving temperature is generally at least 75°C or even 100°G; 

generally it does not exceed 125°C or even 1 10°C. 
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In the course of this dissolving it may prove to be advantageous to work in 
an inert atmosphere, under nitrogen for example, in order to avoid any risk of 
explosion or of degradation of the solvent and/or of the non-solvent. 

During or after the dissolving of the polymer, but before precipitation, it is 
5 possible to add one or more additives to the solution. An additive for the 

purposes of this version of the invention is any organic or inorganic compound 
not present in the original plastics, or present in a quantity lower than that which 
is desired. Possible inorganic additives include inorganic pigments, carbon 
black, metal powders, nanoparticles of various kinds, etc. Possible organic 
10 additives include organic pigments, stabilizers, oligomers, plasticizers, etc. 

The process according to the present invention can be integrated into any 
process involving the recovery of a polymer from a solution. In particular it may 
form part of a process for recycling articles based on polymer(s). The present 
invention accordingly likewise provides a process for recycling at least one 
15 article based on at least one polymer, whereby 

a) if necessary, the article is shredded into fragments with an average size of 
1 cm to 50 cm 

b) the article or the fragments of article is or are contacted with a solvent capable 
of dissolving the polymer 

20 c) the polymer in solution is recovered using the process described above. 

The articles in question may be single-layer or multi-layer solids of any 
form (sheet, plate, tube, etc.); they may include a number of polymers (only one 
of which, generally, will then be dissolved selectively, although the article may 
likewise serve for the manufacture of an alloy) and also non-polymeric materials 

25 (reinforcements, fixings, etc.) which will then be removed before the solution is 
treated by the process described above. 

It should be noted that, in the case of articles based on a number of 
polymers, it may prove advantageous to remove the other (or one of the other) 
polymer(s) before dissolving the polymer it is desired to recover. Thus, for 

30 example, if the solvent selected is able to dissolve a number of the polymers in 
the article, it may prove advantageous first to eliminate the interfering polymer, 
for example by means of another solvent, which does not dissolve the polymer to 
be recovered. It should be noted that, when one of the polymers is semi- 
crystalline, its solubility may be lowered by an afterbake (that is, residence at a 

35 temperature and for a time suitable for obtaining maximum crystallization). An 
example of such polymers is given by PVC (an amorphous polymer) and PVDC 
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(a semi-crystalline polymer). Thus, for example, an afterbake treatment (lasting 
for 1 h at 70°C or for 2 days at 40°C, for example) on a PVC/PVDC complex 
makes it possible to render the complex insoluble in MEK at 50°C and hence to 
dissolve the PVC selectively in MEK at 50°C (or even at 75°C) and to apply the 
5 process as described above to the resulting solution. It should also be noted that 
the composition of the solvent may be adapted in order to dissolve certain 
polymers of a structure selectively. 

In the recycling process described above the conditions (pressure, 
temperature, stirring, etc.) in which the polymer is dissolved and in which, 

10 optionally, non-polymeric elements or elements based on an interfering polymer 
are separated before precipitation (by filtration, prior dissolution, etc.) will be 
optimized by any means known to the person skilled in the art. Teaching useful 
for this purpose is given in Applications EP 945481, WO 01/23463 and 
WO 01/70865 in the name of Solvay, and is incorporated by reference into the 

1 5 present application. 

A major advantage of such a recycling process is that it is able to function 
in a closed loop (either continuously or batchwise, but with quasi-total 
recirculation of the liquid phase, with the exception of losses due in particular to 
adsorption on the polymer particles obtained), without generating refuse. 

20 Indeed, the liquid medium obtained after precipitation and separation of the 

polymer particles, which consists primarily of non-solvent (generally containing 
the dispersants), may be recycled, where appropriate by means of appropriate 
treatment. This treatment may consist in one or more distillations, flocculations 
(in order to remove and/or recover the dispersants), decantations, washings, etc., 

25 and in combinations of these treatments. Similarly, when the solvent has been 
removed from the precipitation medium by azeotropic distillation with the 
non-solvent, the vapours resulting from this distillation may be condensed and 
may constitute a liquid phase which can be treated as described above. This 
treatment preferably includes at least one decantation and, in that case, it is 

30 advantageous for the said decantation to proceed at least partly in the presence of 
a phase separation agent. Thus where two or more decantations take place (in 
parallel or in series) it is advantageous for at least one of them to take place in 
the presence of a dispersant. 

A recycling process of this kind has been successfully applied to articles 

35 containing PVC. 
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Reference Examples Rl, R2 and R3 (not in accordance with the invention) 
and Examples 4 to 9 (in accordance with the invention) 

A solution containing 1 1 % by weight of PVC plasticized with DOP (PVC 
of Kw 71 with 25 % by weight of DOP) in MEK was prepared (in 1 hour at 75°C 
5 under atmospheric pressure and with a helical stirrer rotating at 
250 revolutions/min). 

A number of fractions of this solution were withdrawn, and were subjected 
to precipitation under the following conditions : 

— 3500 g of solution were heated to 75°C 

10 — stirring was then started and was increased to a speed of 

1000 revolutions/minute, and 2.6 kg of vapour were introduced for 40 minutes 
in order to evaporate the solvent and to cause the PVC compound to 
precipitate 

— the solvent was recovered by condensation for re-use 

15 — the PVC compound in suspension in water was filtered on a 125 Jim metal 
filter and then dried in an oven under vacuum (0.2 bara) at 80°C for 5 hours 

— the powder of precipitated PVC compound was subsequently screened on a 
1 mm sieve. 

The dispersants tested are Poval® L9 (dispersant I; polyvinyl alcohol of 
20 DH = 71 %) and Poval® LM10HD (dispersant II; polyvinyl alcohol of 
DH = 40 %). These dispersants were used in various ways (in terms of 
concentration and time of introduction), which are detailed in the table below. 

The result of these tests likewise features in this table, which reproduces 
the final concentration of PVC in the suspension (in weight % relative to the total 
25 weight of the suspension), the type, quantity and mode of introduction of the 

dispersants, the ASG (in g/cm 3 ) and the average diameter (in |im) of the particles 
obtained, and also the ratio of these 2 parameters, which constitutes an index of 
the quality of the polymer particles obtained. 
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CLAIMS 

1 . Process for recovering at least one polymer in solution in a solvent by 
precipitation by means of a non-solvent fluid, characterized in that the 
precipitation takes place in a precipitation medium comprising two dispersants of 
which one (dispersant (I)) has a greater affinity for the non-solvent and the other 
(dispersant (II)) has a greater affinity for the solvent. 

2. Process according to Claim 1, characterized in that the polymer is 

PVC. 

3. Process according to either of the preceding claims, whereby : 

- the non-solvent is introduced gradually into the precipitation medium and, in 
the course of this introduction, there is first a phase separation (into a 
continuous phase rich in solvent, in which the polymer is dissolved, and into a 
disperse phase, consisting of droplets rich in non-solvent) and then there is a 
phase inversion (the continuous phase then becoming the phase rich in 
non-solvent, and the disperse phase becoming the phase rich in solvent 
containing the dissolved polymer) 

— the non-solvent is initially introduced into the precipitation medium in liquid 
form only and in a quantity (Q') which is not zero but is less than the 
quantity (Q) required to bring about the phase inversion, and is subsequently 
introduced into the precipitation medium at least partly in vapour form. 

4. Process according to any one of the preceding claims, characterized in 
that the dispersant (I) is primarily added to the precipitation medium before 
phase inversion. 

5. Process according to the preceding claim, characterized in that the 
dispersant (II) is primarily added to the precipitation medium after phase 
inversion. 

6. Process according to the preceding claim, characterized in that the 
entirety of the dispersant (I) and a minority weight fraction (less than 50%) of the 
dispersant (II) are introduced into the precipitation medium before the 
non-solvent is added and in that the remainder of the dispersant (II) is introduced 
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into the precipitation medium after phase inversion. 

7. Process according to any one of the preceding claims, characterized in 
that the non-solvent is water and in that the dispersants are selected from 
cellulose ethers and polyvinyl alcohols. 

8. Process according to the preceding claim, characterized in that the 
dispersants are polyvinyl alcohols having different degrees of hydrolysis, the 
dispersant (I) having a degree of hydrolysis (DH) greater than that of the 
dispersant (II). 

9. Process according to the preceding claim, characterized in that the 
dispersant (I) has a DH of 65 % to 90 % and in that the dispersant (II) has a DH 
less than or equal to 60 %. 

10. Process for recycling at least one article based on at least one polymer, 
whereby 

a) if necessary, the article is shredded into fragments with an average size of 
1 cm to 50 cm 

b) the article or article fragments is or are contacted with a solvent able to 
dissolve the polymer 

c) the polymer in solution is recovered using a process according to any one of 
the preceding claims. 



ABSTRACT 



Process for recovering a polymer in solution 

Process for recovering at least one polymer in solution in a solvent by 
precipitation by means of a non-solvent fluid, whereby the precipitation takes 
place in a precipitation medium comprising two dispersants of which one 
[dispersant (I)] has a greater affinity for the non-solvent and the other 
[dispersant (II)] has a greater affinity for the solvent. 

No figure. 
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